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Introduction
It is currently unknown of what happens when black hole feedback moves through a cold front in a galaxy
cluster. Some simulations (Fabian et al. 2022) indicate that the bubbles should get destroyed as they pass
through the cold front. Using observations from the Chandra X-ray telescope, I analyzed nine galaxy
clusters that feature both black hole feedback and cold fronts to test this theory.

Figure 1: Simulation of how cold fronts develop

Table 1: List of galaxy cluster information

Results
Eight out of nine galaxy clusters do not have bubbles outside of the cold fronts. Pictured below on the left is
the Perseus cluster which shows four bubbles inside its cold front. However, the Ophiuchus cluster, shown
below on the right, is an example of what could be a bubble outside of the cold front. Based on Figure 1, the
cold front is approximately 2.05 Gyr old. The bubble, which moves at the speed of sound, would have
passed through the cold front when it was 1.90 Gyr old.

Figure 2: Perseus cluster showing bubbles inside
the cold front

Conclusion

Figure 3: Ophiuchus cluster showing a bubble
outside the cold front

The majority of the bubbles being within the cold front supports the hypothesis of the cold fronts destroying
the bubbles as they move through it. The Ophiuchus cluster potentially having a bubble outside of its cold
front could be explained in a few ways. If it is a bubble, it has very unique properties: normally, bubbles
come in pairs located opposite one another. The second bubble is not seen on the opposite side. This
potential bubble also has an incredibly large size, making it unusually powerful.The Gaussian Gradient
Magnitude (GGM) filter helps bring out small details (Sanders et al. 2016), which when applied to the
Ophiuchus cluster does not indicate a bubble either. Due to these reasons, it is more probable for it to be a
feature in the gas rather than a bubble.
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